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ABSTRACT -----a-_ 

A fixed bed oxidation-reduction system ha6 been 

developed to remove parts per million quantities 

of neptunium and plutonium hexafluorides from 

uranium hexafluoride. The process, which ha6 ’ 

been demonstrated on a laboratory scale, utilize6 

selective reduction of neptunium and plutonium 

hexafluorldes on a bed of cobaltoue fluoride pel- 

lets and allows the uranium hexafluoride to pas6 

through the trap unchanged. If desired, regenera- 

tion of 8 loaded trap may be accomplished by fluor- 

ination of the pellets to recover the transuranic 

elements as hexafluorides followed by hydrogen 

reduction to again fore; cobaltous fluoride. 

In c,mjmczion b.:h the zrappi~g process, a saql- 

ing procedure has been developed which is adequaie 

20s field sazzpling uranirzo hexafluoride cylinders 

for that. poxion of the .transurazic herafluorides 

tinich couid be volatilized from the cylinder. 

L - 

f, ’ 
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IhYRODUCTIOK 

All existing commercial C. S. power reactors utilize uranium enriched 
in the t5'U isotope as a fuel. The nuclear reaction chiefly results 
in the production of fission products which form during fuel burnup, 
but significant amounts of transuranic elements are also formed by the 
capture of neutrons by uranium iitors. Reprocessing of irradiated nuc- 
lear fuels from light water reactors by the solvent extraction process 
effectively separates the uranium, but traces of neptunium, plutonium, 
and fission products remain with the uranium. Plutonium is then re- 
covered and the uranium is available for recycle to enrichment plants. 
Very small quantl:ies 0.f neptunim and plutonium accompany the uranium 
through the process and may be ultimately deposited.in uranium conver- 

,'.I sion facilities, UF‘ shipping cylinders, and in enrichment plants. 
JI' 

.I4 I' .' The specification for txans,uranic elements in diffusion plant UF‘ feed 
p‘ 1.1 - : 
*. 1 I :* 

was developed in the mid-1960's by considering then available separa- 

8 $ ,q . 
.r ; ;. \- * 

tion technologies, the expected feed rate, the properties of chemical 

,,! ; 
. . compou=lds..Fn*olved, and the distribution of. the,xnqteria,ls in the feeding 

\ 
J'\. "\,.- 

,'. . . .z 
.? 

process and in enrichment plants. A final corqideration was the per- 
. . . L’\ 

!” _* : - ‘.,‘i<_’ ._” zcissible ,equipment contamination that could be tolerated and still 
_.. 
: j‘ 

'\ 

per&t equipment maintenance to be performed in a safe and economical 
'manner.; Tne current specification value, 1500 o dpm/gU (established . 

Leight b;s's 
+n 1967) ,was based on t'he feed rates expected up to 1975'. On a 

. . =his lfd::s :he “‘Sa :o about one part per million or 
the "%u'~o'O -01 pzri ye= r.illioi.1 3Ls spec?fication value repre- 
sented an "as Lo: as praotical" L~r.2: Lr: the 1907 period. If the "as 

II low as practical rule vete followed totie:.-. this specification could 
be reduced substantially based tin current technology and, indeed, LFZ 

. 
has the matter under cons1aerat135 T; 0, :e:rhnology rhat makes a re- 
duction in this speczficanion Limit possible is discussed in this paper. 

With this background, two problems were to be resolved by this study. 
First, it was necessary to develop a sampling method that would permit 
an accurate estizstion of the amount of transuranics being fed to the 
cascade at the low leve:Ls required. Secondly, a method was desired to 
accomplish a reduction in concentration of transuranics beyond that 
obtained in the solvent extraction step of the fuel reprocessing cycle. 

Some fifteen or more years ago the Paducah Plant started processing 
production reactor return uranium to UF 6 and feeding it to the diffu- 

sion plant. This reactor material contained small quantities of 
neptunium and plutonium, and both elements have been found in diffu- 
sion plant deposits. Tne chemical reactivity of the hexafluorides of 
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Table 1 

SOPSTIOX OF NpF, ET ETAL FLUOPJDES 

Material 

LlF 

KaF 

KF 

M6Fl 

CaFt 

SrF, 

BaF, 

Ni.Ft 

CuF: 

1JFs 

UF& 

Surface 
Area 
XVc 

*Initial 
NpF‘ Pres., mm 

3.0 

0.6 

0.1 

116 

'20.7 

25.7 

2.3 

39.5 : 

2.2 

85.5 

0.9 

Neptunium Absorbed, Z 
(g Np/g metal fluoride)x 100 

95°C 

152 

150°C 260°C. bOO°C 

l.52 

1.1 

102 

21.8 

5.5 

2.0 

1.8 

0.4 

1.4 

0.02 

1.0 

152 152 

0.47 3.1 

177 162 

172 258 

5.8 1.7 

3.2 18.4 

5.7 9.5 

10.5 39.1 

_ 

_ 

_ 8.1 - 

*?resspre .varied frcz 52 rz 
exposure due to consumption 
of xpr,. 

to 10 mz during 
and/or reduction 

An evaluation of the data from the scoping runs indicated that four of 
the fluorides, KaF, YS, Ba.Ft, and MgFp, were possible cantiidares. Po- 
tassium fluoride trapped the most neptunium, but the extreme hydroscopic 
nature of this compound would introduce difficulty if used on a plant 
scale. Likewise, NaF is undesirable due to the fact that it complexes 
with UFI at bed temperatures below 409'C. UFL, which also showed some 
sorption, is not inert to UFa. In view-of this, MgFa and Ball were 
chosen for testing in a dynamic sorption system. 

For the dynamic tests,. small pellets were prepared and a trap 7/8-inch 
in diameter by l-foot long was constructed. The pellets were prepared 
using water for agglomeration on a rotating disk pelletizer following 
the procedure of Richardson and McNeese.' The physical properties of 
the pellets before drying are shoxn in table 2. Prior to use, the 
pellets were dried with fluorine at about 150,"C. 

‘Pdchardson, E. W., and YcKeese, L. E., United Stctes &tent 

I?G. 2,372,0OC, March 5, 1968. 
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Table 2 . 
- 

PROPERTIES OF METAL FLUORIDE PCLLHTS - . 

Mesh Size -8, +12 -8, i10 

Surface Area, Pi'/g 130 0.3 

Void Fraction 0.35 0.56 

Moisture, ;I 10.2 0.04 
(before drying) 

The materials were tested by passing a stream of UF‘ containing 90-140 
ppm NpFI through the traps. Neither trap was particularly effective 
with the MgPo trap reducing the neptunium concentration from 142 to 
26 ppm while th e BaFt unit reduced the concentration only from 89 to 
83 ppm. Other details of the runs are given in table 3. 

Reduction Studies 

Vhile the MgFS showed some promise, it did not achieve the desired de- 
contamination. Attention was next directed toward materials that might 
react with the transuranic fluorides. The actinide hexafluorides are 
produced with increasing difficulty as one proceeds through the series 
U, Np, and Pu. Although all of these hexafluorides are considered vev 
reaciive, differences do exist in their relative stabilities. This in- 
formation suggested that by carefully choosing a reactant and contii:ion.s 
one could selectively reduce a less stable hexafluoride .in the presence 
of one t;hich is more sta.ole. 

_. 
Anplication of this reasoning led :G a search for a material whicn Vo*;x 
preferen:iallp reduce XpF6 and PuFs to the tetravalent state vet not 
react with UF6. Free energy calculations incicaced t-hat. certain lower 
valent fluorides such as FeF1, AgP, COP;, and ?dFz were promising mate- 
rials. Due to economic considerations and availability of the metal 
fluorides, FeFa and CoFz were chosen for initial testing. The Fern was 

quickly eliminated from consideration when the initial tests showed 
that it reduced UFa and CoFz did not. 

Cobaltous fluoride powder was obtained from the Harshaw Chemical Com- 
pany and was pelletized in the same manner as the BaPt and MgFt. How- 
ever, the finished pellets had insufficient physical strength for use. 
Since CoFt is somewhat soluble in water, tests were conducted to deter- 
mine the effect of adding an excess of water during or after the pellet- 
izing process. Simultaneous experiments were conducted to study the 
effect of sintering the CoFz pellets. It was determined that CoPz 

pellets exhibiting poor physical strength could be sintered at about 
650°C in an anhydrous HF atmosphere to impart the desired physical 
strength. It was determined also that COFZ powder pelleiized in the 
normal manner followed by "wetting:' the finished pellets rith a water 

spray resulted in pellets possessing the necessary physical strength. 
This procedure was used rather than sintering. 

--- 
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Table 3 

NpFr TRAPPIIJG STLQIES 

. I. . 
.__ 

EY SORPTION - - 

. 

Operating Conditions 

Weight in bed, g 

Temperature, "C 

Superficial velocity, ft/sec 

Av. inlet cont., ppm Np (U basis) 

Av. outlet cont., ppm Np (U basis) 

Length of run, hrs 

Bed Analyses 

First inch from inlet end: 

NP, mg 

Np/metal fluoride, mg/g 

Next two inches: 

NP, mg 

Np,/metal fluoride, mg/g 

Last tiine inches: 

I$, mg 

Np/meta 1 fluoride, mg/g 

!Gp re t&net In trap, Z of amount fed 

'lotal IQ fed, mg 

Total Ep in trap,'ng 

McF, BaFl 

107.9 185.2 

121 121 

1.30 0.65 

142.0 89.4 

26.0 83.0 

4.5 1.75 

32 0.41 

2.69 0.01 

34 0.024 

1.49 0.0005 

136 0.026 _ 

1.&5 o.ooo:! 

4& 0.4 

420 ill 

202 0.5 

After forming, the pellets contain about 30% water which must be re- 
moved prior to use. Thermobalance studies indicated that the water 
could be reduced to about 1% by heating in nitrogen or HF to 315°C. 
Above 3l5'C some deterioration was noted along with a decrease in the 
surface area. Table 4 gives the results of several drying experiments 
under different conditions. Chemical analysis of the dried pellets 
shows negligible deterioration in either nitrogen or HP (theoretical 
Co is 60.82). but there was some decrease in surfacearea in HP. This 
surface area decrease could be attributed to incomplete EP removal, but 
the point was not resolved since a nitrogen atmosphere seemed to be 
quite satisfactory and is obviously simpler and less expensive. An 
additional confirmation that the nitrogen dried pellets were satisfac- 
tory was obtained by an x-ray diffraction analysis which showed that 
only CoFI was present. Nitrogen drying was therefore adopted. 
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Yable 4 
. - - . 

RZgL..TS FRO,". COT: DRSING fX!'ERr\lEr:TS 

I ,erq. , H20, co (II) ) 
r 
A I Surface Area 9 

Conditions 

HF Dried 

HF Dried 

HF Dried 

1:~ Dried 

KZ Dried 

K2 Dried 

cC- 
C’ .I . . 

-- 1( ,‘ I( 
1.; ’ ! f 

3 15 1,2* 

3 15 1.4 59.8 3s.3 E.2 

205 1.8 59.7 38..2 8.7 

315 1.0 - -_ 

315 146 60.9 37.4 20.2 

260 1.7 60.3 37.6 '25,4 

*Ca:Lculated from thermobalance data. 

11 

, ’ 

One brief further word about drying. During the course of the drying 
experiments; it was noted that removal of the 12 residual water can be 
accomplished by treatment with fluorine at elevated temperature. This 

oxidizes the CoFn to CoF, which must then be reduced with hydrogen 
,back to CoF1. This process was used, as an analytical procedure for 
water and was also used to provide absolutely dry CoFl for the one 
plutonium trapping run.. The physical properties of the pellets are 
not affected by this SJ._.=_ '-efe cycle of oxidation and reduction. 

To .test the pellet efficiency, a trap k-as constructed t;ith dimensions 
similar to those used in the XgF: tests (7/g-in 2: 12-k.). The test 
,sysiez, shorn Lr, flfure I, uas designed to provide a continuous supply 
of CT6 t~:th a 1<2Fb conc:entration cl iG-50 p?m. A metered stream of 
heliE, used as carrier gas, t:as 2assed through a storage cylinder CCZ- 
taining a EFb-S?F'6 rikiture of knohn concentration. After saturation of 
the helium with the UFc-KpFs mixture, it passed into the nickel mixer 
where it vas diluted with a larger stream of KS, The mixture was then 

fed to the CoFa trap L5th hourly sampling of the inlet and outlet gas 
streams. A UFs mass flow of 1.02 kg/hr was used for each run. At the 

termination of each run, the contents of the trap were analyzed for 
neptunium and uranium. Conditions for the runs are shown in table 5 
and the results of bed analyses are shown in table 6. 

The data from the scoping studies indicated that CoFa would remove 
neptunium at 100°C but that a greater trapping efficiency would be 
realized by operation at the higher temperatures of 150°C and 226°C 
as shown by the lower outlet concentrations and higher decontamination 
factors at the higher temperatures. Lxaminatron of the bed loading 
data also shows that the higher teEperztuies result in more efficient 
trap operation. To show this more clearly, some of the data from table 
6 have been plotted in figure 2. Here the bed loading, as represented 
by the neptunium concen._ --ation in the first inch _of bed material, is 
plotted as a function of temperature. The data, normalized for feed 
rate, indicate that substantially hig‘ner loading is obtained at 150 
and 226°C. 
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Table 5 
. - 

- IEPTUXIUX SCOPING RUR COhPITIONS 

AJ 

I, ’ 

226"C* 

Av. Inlet Cont., 
ppm Np (U basis) 

A B 150°C - - 1OO’C 

24.40 40.40 26.00 41.50 

Av. Outlet Cone., 0.61 0.58 0.24 1.70 
ppm Np (U basis) 

Length of Run, hrs 9.75 5.25 16'.00 10.00 

Superficial Bed 0.40 0.40 0.31 0.27 
Velocity, ftlsec 

Residence Time; set 2.5 2.5 3.2 3.7 

Decontamination Factor 40 70 117 24 

*The same bed material was used in runs A and B. 
The inlet concentration was increased after 9.75 hours. 

The conclusion from these scoping studies was that CoFt is effective 
for removing NpF 6 from a UFc vapor stream over a wide temperature range, 
and designs incorporating longer retention time at-lower temperatures 
or vice versa are possible. An empirical evaluation of the scoping 
data indicated that l5O'C would be most advantageous for additional . 
laboratory studies. 

To define the imports-,: operating conditions further, runs were made to 
evaluate the effects of bed length, gas flow velocity, bed temperaicre, 
and MpPs ~2s concentration on =he retention efficiency of CoPt for NpFc 
in a UP, vapor stream. Fne experimental apparatus 'used for these studies 
was the same as before except that a second 4-foot long CoF? bed w2s 

added in series with the l-foot trap. Provisions were made to sample 
the gas stream at the inlet to the trap, after one foot of CoFa, and 
at the outlet of the 4-foot trap. The experimental procedure was the 
same as for the scoping runs. 

The NpF. trapping system was operated for 58 hours with an average inlet 
concentration of 93.5 ppm Np (U basis) to obtain an initial loading on 
the trap. After this period, consecutive experiments evaluated the vari- 
ables of inlet concentration, trap temperature, and superficial bed 
velocity. Initial operating conditions, except superficial bed velocity 
which was increased f?om 0.29 ft/sec to 0.50 ft/sec, were then resumed 
until breakthrough of the l-foot trap section was indicated. The inlet 
concentration was then reduced to approximate actual "clean-up" condi- 
tions and additional data obtained. The loading study was terminated 
after 226 hours. of flowing time, and analyses of material from respec- 
tive bed sections were made. A summary of the conditions for the loading 
studies and parameter investigations is shown in table 7. Results of 
the bed analyses are shown in table 8. 
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8El) AHAI,YSE!; l:l?Oll IIE['TIJHLUfl SCOPING STUDIES 

-_ 
i 

Total Np, my, 

First 1" Next 2" I.n!;t I)" 
oE CoFz *of CoFp c,r CoF1 _-_ 

360 67.0 02.6 

48.0 6.0 1.26 

*Total Np 
Trapped, mg 497.8 

Total Np 
Fed, mg 560.0 

Hp Recovered, % 89 

226°C 150°c 100°C 

First 1" Next 2" Last 9" 
ol CoFa of CoFz of CoFz 

,136 147 171 

22.2 15.1 3.31 

First 1" Next 2" l.nst 9" 
oE CoF:, or Cal'* of COFZ 

14 3 53.7 125 

14.5 4.07 2.59 

460.3 

411.0 

112 

327.7 

315.0 

104 

*Includes neptunium Couud in hcrl nnnlysls plus neptunium found in trap wash. 
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Table 7 

Ot’ERI\TIMC (:OtII)~1’1UkIS FOR CoFo LOADING STUDIES 

Flowing time, hrs 

Temperature, “C 

Pressure, psia 

Superficial velocity, ft/aec 

Residence time, set 

hv. inlet-l cone., ppm Np (U t)ash3)i 

hv. outlet-l cont., ppm Elp (U t)flsj.s)3 

Av, outlet-2 cont., ppm Np (U basis)' 

Decontamination Factors 

First foot 

Last 4 feet 

Overall 

58 20 22 34 14 d 
l50 150 226 150 150 150 

14.7 14.7 14.7 14.7 14.7 14.7 

0.29 0.25 0.25 0.50 1.0 0.50 

17.2 20.0 20.0 10.0 5.0 10.0 

93.5 17.0 9.8 9.0 13.3 106 

6.12' 0.67 0.18 0.58 1.07 47.6 

cl.12 0.08 0.05 0.04 0.03 0.40 

15 

5 1. 

700 

25 54 16. 12 

(8# (4)"1 (15)X' (36)=' 

210 200 230 440 

a Rreakthrougtl occurred in the l-Foot trap during this period. 
’ Inlet concentration to the CoP2 trap. 
’ Outlet concentration afLer the l-foot trap. 
’ Outlet concentration after llle 4-foot trap. 
' Values probably low becnllsc! of low inlet concentration. 
' Ilelieved to be contaminntecl. 

28 

150 

14.7 i. 
i< 

0.50 

10.0 

23.4 

8.0 

0.03 

119 160 

270 780 

I 
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Table 8 
. - 

- EED MALYSLS FRO!! NpF‘ YRA??ING RIR\‘ 

Sample @ripin 

First inch of Cofn 
from inlet end 

Rext 2 inches 

Next 9 inches 

Next foot 

Next foot 

Next foot 

Next foot 

1::~ Found 

Cumula- 

E* :: tlve, :;** 

0.74 10.2 6.4 1.8 

1.56 11.8 20.0 2.2 

4.55 7.3 59.6 7.5 

2.26 3.3 79.2 9.1 

1.11 1.6 88.9 12.7 

0.62 0.8 94.3 13.8 

0.16 0.2 95.7 14.3 

*Eased on amount found. 
**Based on amount fed.' 

U Cont., 

In evaluating the data obtained in the investigation of the process 
parameters, it was concluded that trapping efficiency does depend to a 
degree on inlet concentration. Reducing the inlet concentration from 
?3 to 17 ppm Xp (U basis) had little significant effect on the trapping 
efficiency of the l-foot section, but the overall decontamination factor 
for the 5-foot trap dropped from 780 to 210 and the outlet neptunium 
concentration dropped from 0.12 to 0.06 ppn. increasing the tempera- 
ture from 150°C to 226°C resulted in a slight improvement in trapping 
efficiency only fcr t5e l_fOOi section. Toe difference between 0.25, 
0.50, and 1.0 ?t/ set sqerficial bed velocity was negligible for the 
5-foot section and had only a slight effect on the l-foot section. 

At the termination of the loading studies, 11.5 g of neptunium had 
been fed to the system. Based on the bed analyses, table 8, ~60Z of 
the neptunium was retained in the first foot. Overall., 95.7% of the 
neptunium fed was accounted for in the bed. It is believed that the 
slightly low recovery percentage was caused by some of the particulate 
NpFL which had been retained on the CoFt pellet surface becoming en- 
trained in the IJF‘ gas stream. A portion of this would be deposited 
throughout the length of the trap with a small percentage passing out 
the outlet of the trap. The gas samples were taken through sintered 
metal filters which precluded any indication of such occurrence. This 
theory is supported by the data which shows that the first inch of CoFz 
contained less neptunium than the next Z-inch section. A filter at the 
trap exit could easily eliminate the solid carryover. Figure 3 illus- 
trates the distribution of neptunium throughout the trap. 
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The Cof2 bed materiel underwenr a color change from pink to-shades of 9" 
brown upon exposure to KpF,. The brownish color was 'more-distinc: in 
the first fer inches, decreasing in inrensiiy progressively from inlet 
to outlet 2s the Cofl ~2s converted to CoF,. Analyses of the bed mate- 
rial by x-ray diffraction after exposure to r!pF6 confirmed the presence 
of NpF,. Palence analysis of the neptunium indicated that all of the 
neptunium present vas in the tetravalent state, These data confirm 
that the trapping system operates as an oxidation-reduction system as 
shotrn in equation 1. 

&IF’, + 2CoFo * h'pf, + 3CoF9 (1) 

Considering the overall 5-foot length of the trap, .an average decontam- 
ination factor of 370 was obtained before breakthrough occurred in the 
first one-foot section 2nd for the complete run an average decontamina- 
tion factor of 416 was observed. The decontamination factors given in 
table 7 are plotted as a function of trap length and shown in figure 4. 
Only data where the inlet neprunium concentrations were in the range 
of 5-100 ppm were used to construct the graph since the decontamination 
factor appears to be somewhat a function of gas concentration. These 
data indicate that decontamination factors of 600 can be achieved with 
2 trap length of 6 to 7 feet which is a quite feasible trap length, 

It is concluded :hat a practiczl method has been developed for the 
selective removal of neptunium from a UFS-PU'~FI stream containing up 
to about 100 ppm Hp (U bzsis) (156,000 a dpm/gU). A loading factor 
in excess of 3;: of the bed weight can be obtained with a single trap. 
Gas velocities up to 1.0 ft/sec 
of 150°C. 

zre sailsfactory at a bed temperature 

It should be noted that the loading Czta presented here do not represecr 
a COP; trap loaded to the raxi mum concentration of neptunium. Sec2usr 
Of zhe ti.me element ,zzd the zmou;lf of neptuziu;;: that would be require< 
to reach m2xinum concenzratlon, the go21 was to oDerate :he svstem or_ly 
z3 - tne extent of att2izfr.g a breakthrough in the i-foot section. At zhc 
te-ination of the run, this goei had been reached .although .a decontaz- _- 
ination factor of 2 Vas still evident for the l-foot section, o'D\~iously, 
the loading factor of ?I of the bed weight is a conservative figure. 

To generate trap design criteria, 2n experiment was conducted to deter- 
mine the pressure drop of a packed Coft sorption trap. A trap 5-feet 
long by l-inch in diameter was packed with CoFt pellets 2nd mounted 
vertically. Nitrogen was passed through the trap at 22°C and 14 psia. 
The pressure difference between inlet 2nd outlet at various gas veloc- 
ities was determined. The data are shown in figure 5. 

While PuFS should be more easily reduced than EpFs, a run similar to 
the last neptunium run was made to develop operating parameters for 
plutonium removal. The same system, using only the l-foot long trap, 
was used. The effects of plutonium concentration, reaction tempera- 
ture , and gas velocity were investigated. 
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removal studies, it was observed that _approxi- 
weight was composed of uranium at_ the termination 

L ’ 

due to the reaction of Ufr with residual water in 
retention would not be of serious consequence in 

the field decontamination of depleted uranium but would be undesirable 
when using enriched uranium. One of the objectives of the plutonium 
removal studies was to investigate uranium retention on a dry COF~ bed. 
Since it was previously determined that CoFt pellets could not be com- 
pletely dried using either HF or nitrogen, the pellets were subjected 
to a fluorine oxidation - hydrogen reduction cycle to ensure complete 
dryness. The loaded l-foot long trap was dried in nitrogen at 260°C 
and then treated with fluorine at 230°C followed by hydrogen at 26O'C. 

The run summarized in table 9 was conducted as before. After 52 hours 
the plutonium concentration was raised from 700 ppb to 8,000 ppb and, 
while still at a high concentration, the trap temperature was reduced 
from 150 to 1OO'C. Finally, the gas velocity was increased to 1 ft/sec, 
four times the previous velocity. As was expected, plutonium was easily 
reduced by the trap and, even though only a l-foot trap was used, de- 
contamination factors near 100,000 were obtained for most-of the runs. 
IGone of the changed operating conditions significantly affected the . 

trap performance. It is concluded that the trap can be operated under 
a wide variety of conditions of temperature, flow, and plutonium con- 
centration and still effectively provide satisfactory plutonium 
decontamination. 

Table 9 

PuFe RryOi’k+L STUDIES 

Phase 

Z.ob: Zinc, trs 

Su?erf. lcid. E2S 

veioci:y, ft/sec 

Pressure, psie 

Trap temperature, 'C 

Residence time, set 

Av. inlet, ppb Pu 
(t' basis) 

Av. outlet, ppb Pu 
(U basis) 

Decontamination Factor 

1 

C” 

Li 

0 .25 

14.7 

l50 

4.0 

700 

0.08 

8.8rJO' 

2 

24 

c.25 

14.7 

SO 

4.0 

7993 

0.06 

3' 1:. 

34 18 

0 .-a CIE ’ 1.0 

14.7 14.7 

100 150 

4.0 1.0 

5747 889 

0.05 0.01 

1.3xlo' 1.1x10' 8.9xlO 

At ,the tedcation of the removal srudies, the CoFo trap was emptied. 
Approximately one-half of the pellets from the first inch adjacent to 
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the trap inlet were light brown in color, characteristic of_CoF,. It ,,. 

appeared that most Of the PuFr had been reduced in this bed- section. 
Ihe pellets still possessed good physical strength. Samples of the 
bed materi were analyzed for total plutonium, total uranium, and 
for cobalt and plutonium valences. Analytical data are shown in 
table 1C. 

Table 10 

First Inch 
from Inlet, 

Wt.:: 

co (III) ‘6.6 

co (II) 33.5 

Pu (II') 4.2 

Pu (III) 2.3 

Pu (VI) CO.2 

u 4.1 

Next 2”) Nexr 3”) Last 6”) 
wt. :: LT.:! wt. z 

These dat2 indicate that the reaction between ?uF6 and CoFt is not ex- 
actly analogous to that of NpF, but that some of the ?uFs is being re- 

duced to the trivalent stats. This presents no problem since ?uFs is. 
nonvolatile and the retenti on mechanism would be the same as for ?uFL. 
X total of-l.1 v:.Z U cas found in the bed m2:erial. Tnis is sigoifi- 

cantlp lower than the 5-10: normallr fOlXld in similar runs where only 
nitrogen or RF drying 'c=as empioyed, con?irming th2t mosf of the uranium 
retention vas caused by reaction OZ YF6 Vith residual water in the 
peliet bed. 

An overall bed loadine of 1.22 was obtained. However, the first inch 

contained 7.1 wt.2 Pu. " It is believed that even the 7.1 wt.2 Pu is 2 

vev conservative value and that a bed loading in excess of that value 
could be obtained. Finally, it is concluded that a system designed to 
remove IJpFr would more than adequately remove the PUFS. 

Nentunium and ?lutonium Recover]l' 

Physical observations of the CoFr bed material indicated that insignifi- 
c2nt deterioration of the pellets occurred during the trapping run. The 
physic2,l strength of the pellets was sufficient for reuse if the neptun- 
ium 2nd plutonium could be removed. 

Experiments were conducted to investigate methods of recovering neptunium 
2nd plutonium from a :Loaded trap 2nd recovering the CoFl for reuse. Dur- 

ing the trapping operation, part of the CoFt is oxidized to CoF,. Since 
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COP, cieconposes to a hydroxide when treated with uater, aquegus recovery 
schemes are undesirable. A dry fluorination scheme seemed feasible, and *' 
this uas investigated and shown to be possible. The procedure consists 
of reacting the !ZpF, and Pu, rL rith elemental fluorine to refonr the vol- 
zt5j.e hexafluorides which can be collected in a series of cold traps. 
It was determined that at a reaction temperature of 37O’C, the neptunium 
and plutonium can be effectively removed to a level L0.L wt. Z Fu and 
LO.3. L-t.:; Np. Tne CoF3 can then be reduced back to CoFl using hydrogen 
at 260°C and the pellets reused. 

It vas previously noted that above 315'C some deterioration of the pel- 
lets occurred. This was observed in the drying studies with the wet 
pellets. In these recoveu tests the pellets were completely dry 
initially, and no dusting or other deterioration was noted. 

These data indicate that the loaded bed.can be regenerated if necessary 
or desirable. If this clean-up procedure were to be conducted on a 
large scale, the hazards involved in handling relatively pure NpFI and 
PuF,b must be carefully considered. In addition, very efficient cold 
traps.or other devices must be used to collect the evolved hexafluorides 
for recovery or disposal. While the .economics have not been fully de- 
fined, it is suggested that a loaded trap contains the transuranic fluor- 
ides in a fixed solid form which should be suitable for long-term radio- 
active w2ste storage. Discard of, a filled trap should be given serious 
consideration. 

Iwutitv Removal from Liouid UFa 

lJ:i:?. ization of rhe Co- ra trapping sysrem as a gas phase operation could 
require modhl. i'ication of the normal flow sheet of the nuclear fuel re- 
processing cycle to include a vaporization step. If, however, this . 
process could be exrended to include the purification of liquid UFa, 
iher. LZ would have greater versaiility. 

Sccplng studies were conducted to deterzLne if CoF2 would efficiently 
remove the transuranlc impurities from liquid i"~. A schematic dia- 
gram of the system which ~2s used is shown in figure 6. A Es-XpTe 
mixture containing appsoz5mately 250 ppm Mp (U basis) was prepared in 
a specially modified and fluorine conditioned type 5A cylinder. The 
mixrure vas heated to 1OO'C and drained, in the liquid phase, through 
a nickel trap (0.43 in. by 24 in. long) containing approximately 30 
grams of CoFa pellets. In the initial test the system was operated for 
three hours with a mass flow ra:e of 1.2 kg UFa/hr. In a second test 
a larger trap .(3 in.1.D. by 24 in. long) was used to provide a greater 
residence time. The trap was filled with CoFt, and the pellets were 
o&dized and reduced to ensure complete dqness. The trap vaa then. 
filled with liquid UP‘. The UFI was left in the trap for six hours at 
100°C and then drained. Inlet samples were taken while filling the 
trap and outlet samples removed while draining the trap. A signifi- 
cantly higher decontamina:ion factor was obtained for the second test, 
due undoubtedly to the longer residence time. Operational and analy- 
tic21 data for the rwo tests are shown in table Il. 

_-___ 
-- 

--- 
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DATA FOR LIQL'ID PDRIFICATION STSTEi 

Test 1 

Trap temperature, 'C 100 

Superficial velocity, ft/sec 0.003 

Residence time, min 11 

Mass flow, kg UF&/hr 1.2 

Av. inlet, ppm Np (U basis) 222 

Av. outlet, ppm Np (U basis) 133 

Av. decontamination factor 1.7 

Test 2 

100 

0 

360 

48 

0.48 

100 

A field system designed to process 1,000 lbs of liquid UFl/hr and pro- 
vide an equivalent residence time would require a trap 22 inches in 
diameter and 19 feet in length. The physical size of the trap required 
and the 10~ processing rate combined vith the low decontamination fac- 
tors observed make this system very unattractive. It is concluded that 
while the liquid purification system using CoFt might be useful for 
some specialized application it would not be feasible for the routine 
purification cf liquid UPe. 

Two additional factors should be emphasized in the use of the CoEz re-. 
duction system. Tne cobalt fluoride trap should contain's sintered 
metal filter in the trap outlet section of appZoiLhate1~ 2 micron size. 
Tunis =l- - is importan: to remove fine solid material from the gas _&_,e, 
stream such, as neptunim and plutonium tetrafl uorides which are formrc 

in the trap. Dse of the trap should also be 1irLted to ?Xg streams 
Vhich do no: coritair. fluorine or other oxidizing agents which could 
preferentia,,. -1~ ox5dize tne CoFt to COP, and thereby reduce the trap 
capacity. 

CONCLUSIORS 

A process has been developed and demonstrated on a laboratory scale to 
selec:ively remove trace quantities of neptunium and plutonium hexa- 
fluorides from a gaseous mixture with uranium hexafluoride. The process 
uses a fixed bed of cobaltous fluoride pellets through which the con- 
taminated tTI is passed. IGeptunium and plutoni& hexafluorides are 
converted to nonvolatile tetrafluorides by reaction with cobalt di- 
fluoride and are retained in the pellet trap by a sintered metal filter 
at the exit end. 

At inlet concentrations up to 100 ppm (U basis) decontamination factors 
of 200 to 400 were obtained for neptunium and of approximately 100,000 
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for plutonium. Nominal operating conditions for the processrare ,150’C 11 ’ 

at a gas velocity of 1 ft/sec. This process should nof be used when the 
gas tctresm contain6 free fluorine, and it is considered .to be practical 
only for a gas phase operation. 

Stud:Les related to liquid phase sampling of UT‘ conttinated with nep- 
tunilzm and plutonium have led to the conclusion that such samples should 
be taken through a fine 6intered metal filter. This procedure will re- 
move particulate matter and result in a more homogeneous saqle. Saples 
taken in this manner will not represent the total transuranic content in 
a cy:Linder but will provide a better estimate of the amount of tram- 
uranztc hexafluorides which could be vaporized out of .a cylinder in:o 
the diffusion plants. 
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Appendix A 

, 
SAtPLIKG COI:SID9KIOXS 

The present specifications for UF 6 to be used for diffusion plant feed 
require the activity from transuranic elements, w'hich for all practical 
purposes are limited to neptunium and plutonium, to be not more than 
I500 disintegrations per minute per gram of uranium. It is further 
specified that all analyses shall be performed on liquid samples. As 
noted earlier, it is the intent of these specifications to keep the 
diffusion plants from being contaminated by these very toxic materials 
whi&h would enormously complicate operational and maintenance procedures. 

Any 'process to produce UF 6 would be expected to convert the transuranic 
elements also to the hexafluorides. Both plutonium and neptunium hexa- 
fluoride are reasonably stable at normal tJFr handling temperatures with 
plutonium hexafluoride being less stable tfian neptunium hexafluoride. 
Because of chemical reactivity, thermal decomposition, and in the case 
of plutonium also the decomposition due to alpha radiation, the hexa- 
fluorides tend to form.mixtures of hexafluorides and tettafluorides. 
By analogy with uranium, the hexafluorides were assumed to be soluble 
in UF‘ and the terrafluorides to be insoluble. Both of these assump- 
tions were ultimately confirmed by actual data. Since the terrafluorides 
are not volatile, they would remain in the UFa feed cylinder while the' 
transuranic hexafluorides should be vaporized into the diffusion plant 
along with the UFs. Blant data indicates that approximately ont- 
fourt'n of the neptmi& oragrnally recelvea in UO: was fed to the dii- 
f&Ton plant. pf tne totzl plutonium received, only a trace was ever . 

nt equipme*. These data support the rela- found to be present in pla 
tlve. order of s:abilirp of the two transuranic hexailu&des in UT,. 

in the p2st uFs c?lintiers htve been liquid sampled for transuranic 
analyses in the same mzxzer as for other impurities, it is recogrkzel 
that these samples were taken from a nonhomogeneous system snd gave 
only an indication of the level of transuranics present. Data obtained 
in this manner did not represent either the total quantity of neptunium 
or plutonium in the cylinder.or the amounts which could be vaporized 
into the cascade. For these reasons, it w2s concluded that the best 
approach would be to filter the liquid sample at the time the sample 
was taken. Thus, only the soluble hexafluorides would be measured, 
and it is these materials which would be expected to be vapor trsns- 
ferred to the diffusion plants. 

In #the following sections of this appendix, a number of experiments 
are described relating to the preparation and handling of the trans- 
uranic fluorides and the development of a system and procedure for 
obtaining the necessary samples. These techniques were utilized in 
the development of the CoF z trapping system where it was found to be 

. 

--- - 
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po66:ible to obtain accurate results even though all transuranic con- 
centrations vere in the parrs-per-million or parts-per,+billi&z range. 

I, ’ 

As will be pointed out in the following section, operating at these 
low Ilevels did result in some stability problem6 and contamination 
was very difficult to control. A number of the initial experiments 

were devoted to developing the techniques necessary for coping with 
these problems. Generally, deth from these early tests have been 

omit,ted from the tabulations. 
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Appendix B . 

In recognition of the toxicity of the transuranic elements, all ex- 
periments where significant quantities of neptunium and plutonium 
were used were conducted inside a glove gor. The box, of the CEhWf 
type, was sizcilar to that of glove boxes in use at Argonne Xational 
Laboratory. Tne box was nominally 1%ft. long, 8-ft. high, and 3-ft. 
deep. It was of modular construction, 2-l/2 tiers high by 4 Lide, 
and contained 80 glove ports. Each module contained 8 glove ports, 
4 cm each side. A photograph of the box is shown in figure B-l. 

Equipment installed In the box consisted of two separate fluorination 
reactors with associated furnaces, manifolds, and cold traps. Other 
necessary apparatus was included for the preparation of NpFa and PuF‘, 
spjlking UF6 with these materials, sampling and hydrolysis of the result- 
ing mixtures, vaporization studies, and sorption and trapping experi- 
ments. Facilities for heating and cooling cylinders, vacuum systems 
with chemical traps, and temperature measuring equipment were also 
provided. A schematic diagrazr of the fluorination system and gas 
pi:perte system is shown in figure B-,2. All operations involving the 
volatile transuranic ‘conpounds were confined to manifolds, reactors, 
and traps constructed of nickel. Bake Type 413* Monel valves with 
Inconel diaphragms were used exclusively. 

Septunium hexafl uoride was prepared by reacrcng neptunium oxide, 
obtained from Oak Pidge Kational LaboratoF, cith elemental fluorine . 
at a temperature of 540°C using the fluorination system'shotm in fFg- 
ure B-2. Tne reaction tube consisted of a l-in. O.D. nickel tube welded 
a:: both ends ~-:th a thermocouple well positioned directly above a 
nickel boat containing the oxide. The voiariie XpF6 formed was COL- 
iecied by passing the !+F6-F2 eSfluent stream through three cold traps 
arranged in series and cooled to -78°C using a carbon dioxide trichlorc- 
trifluoroethane (R-12.3) slush. After collection in the rold :raps, the 
NpF* vas purified by trap-:o-trap distillation under vacuum. 

Preparation, collecrion, and purification of plutonium hexafluoride was 
conducted by a similar procedure except the starting material was PuFh 
which was obtained from Hanford Atomic Products Corporation, Pdc'nland, 
Washington. 

The purity of the hexafluorides was checked by measurement of the vapor 
pressure at the ice point (OOC). The observed vapor pressures of UT‘, 
NpF,, and PuFI are shown in table B-l and compared with values given 
in the literature. The NpFi uas stored as a solid while the ?uF6 was 
diluted with helium and stored as a gas in a prefluorinated nickel 
sylinder. 

XtHoke, Incorporated, CresskSl, Dew Jersey. 
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Table 6-l 
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VAPOR PRESSURES OF NpF‘, PuF‘, AKD UF‘ AT 0°C 

Compound 

UF6 

Observed Literature* 
Pressure, Value, 
mm Hc mm Hs 

18.0 17.5 

KpFa 20.6 20.8 

Pd6 17.5 17.6 

*Weinstock, B., et al., J. I?ZOP_C. IJucZ. C%en;., ll, 

104-114 (1959). 

Neptunium tetrafluoride was prepared by the reduction of fJpF( with 
elemental bromine as shown in the equation: 

3 NpFG + Bra + 3 NpF, + 2 BrF, 

neptunium h-fluoride was condensed into a fluorothene tube at -195°C 
and an ,excess of bromine condensed onto the NpFs. The resulting mix- 
ture was slowly warmed to approximately 75'C. During this time the 
sample color changed to light brown as the bromine penetrated the solid 
and then to green, indicative of NpF,. The product was purified by 
vaporization of the volatile fluorides and free bromine. Valence . 

anilysis characterized the sample as I?pP&. 

Tne Lnitlal LT6-NpP6 IA:, designated Up-l, was prepared using the gcs 

pipette sysrem shown previously in figure 3-2. A measured XpFs pres- 
sure was admitted to 2 I-sown pipert e volume and subsequently transfer- 
red from the pipette into the receiving cylinder. Uranium hexafiuoride 
was then passed through the pipette and into the cylinder. PVT mea- 
surements were used to calculate the theoretical concentration of 
themix. The Np-1 mix was used as a master mix for preparation of 
lower concentrations of UFI-N~F~ mixtures. A dilution technique was 
emp:Loyed whereby three subsamples of UFs-NpF, were removed from the 
master mix. Two of these were analyzed for neptunium and the third 
was vaporized into a cylinder and diluted with pure UFS to obtain the 
desired concentration. Analyses of wash solutions from the sampling 
tube and vaporization adaptor fitting allowed the necessary correc- 
tions to be made to compensate for the NpF 6 which decomposed on equip- 
ment surfaces during the transfer of the NpFI from the sampling tube 
to the cylinder. 

. 

The pipette system was also used to prepare the initial LlF6-PuFs 
mixture; however, the majority of the PuFs was reduced in the mani- 
fold lines due to the greater reactivity of the PISS. This method 
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uas abandoned, 2nd 2 dilution method ras devised vhefeby a measured 
quiintit~ of pure Pufr k-as cc;llected in 2 fluorothene tube-, vaporized 
in::0 2 cylinder, and lil ured with Cfr to obtain the desired concen- 
tr2:ion C-C: 

1. rOLI S fzc:cry.- resc:lrs were obtained by this me:hod. 

Tire saqiin~ e_qeriments 2re described in apnendis C. Vhile differ-. 
en t techniques were attemp:ed to obtain samples, the sample handling 
2nd analysis procedure was consis:ent vith one exception. X11 samples 
were taken into 2 samnie tube as shoxn in figure B-3. The tube shown 
was constructed of copper which is the preferred naterial. Tubes of 
simil2r ciesip but made from fluorothene were also used. Under most 
circumstances these are satisfactory, but the fluorothene does absorb 
2 sm211 amount of activity which can introduce a bias in low activity 
samples. The bias can be either positive or negative depending on 
the contamination level and the sample tube history. 

To prepare the sample for analysis, the sample tube was cooled in dry 
ice slush, the brass.plug and flare nut removed, and the tube contents 
dissolved in a solution of 6 2 nitric acid and O.lE aluminum nitrate. 
If the copper sample tube is used, it also dissolves in the hydrolysis 
so:Lution. Tnis causes no difficulty in the analysis 2nd eliminates 
bias problems 2nd tube cieaning which is an uncertain art at the low 
concentrations. 

LJe:ptunium and plutonium analysis was accomplished by first separating 
Khle neptunium 2nd/cr plutonium fro= the uranium by Solvent extraction. 
The transur2nic elements rem2in in the orf2nic phase which is alph2 
counted :G detaznine the amoun: present. %e lower litit oi neptunium. 
de:ectability ras 0.31 ?pm on 2 uranium b2sis 2nd 0.05 #pb for piuton- 
iun. X11 me2s*ufements 2bzve ihese lower litits cf detect2bliity 2re 
reoorted 2s 3ositL-;r ;*21-2-;s. 
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SATLI!?G ETTI;IXCKTS 

The primary goal of the initial experiments was to develop a sampling 
technique that could be applied to plant cylinders to obtain a repre- 
sentative sample of the material being fed to the cascade. To this 
end, a series of experiments was conducted using both nickel and steel 
equipment where it was intended to show that samples taken through a 
filter would predict the amount of transuranics that would be trans- 
ferred by a simple vaporization process. Also, the tests were designed 
to show that unfiltered samples would be unsatisfactory. Only the 
latter goal was entirely achieved, but much information pertaining 
to the behavior of the transuranic elements in UF6 was obtained, and 
a practical sampling method uas developed which should serve the pur- 
pose of protecting the diffusion plant. 

Initial sampling and vaporization studies were performed in nickel 
containment vessels. These cylinders were' designed to safely contain 
one kilogram of UFr. A l/b-inch copper coil was soldered on the ex- 
ternal surface of each cylinder to permit either steam heating or cooi- 
ing by circulation of a refrigerant. Before use, the cylinders were 
thoroughly cleaned, dried, and pretreated with fluorine to form a pro- 
tective nickel fluoride film to minimize reduction of NpPs and PuPs 
through contact with the nickel surface. 

The general procedure which ~2s followed in most of the sampling ex- 
periments is described beior. A UF(-HpF. or UF6-FuPs mixture of the . 
desired concentrztion ~2s preprred in a cylinder by the'dilutio:: tech- 
czque . Tine mixture was * liquiiied and held a: 100°C for approzirzteiy 
24 hours x.-izh 0cc2sion21 .sbdriJg 20 ensure homfeneiq-. ?er? or IXTE 

liquid s2mmles of zpproximately 5 gxms each were removed for s2lpsis~ 
The remaining ri::rure ~2s ther tot2lly vaporized into 2 second cla2r: 
cy:Linder which was homogenl- -'-ed 2nd sampled in 2 similar manner unrfl 
2lZL the remaining material was removed. Both cont2iners and filters 
were washed with hydrolysis solution and 211 wzshings and solutions 
analyzed. Finally, a materi bzlance was calculated for each mixture. 

The early sampling and vaporization tests were in the nature of explor- 
atory investigations to define the major problem areas of sampling low 
concentr2tion mixtures of NpF‘ 2nd PuFr in UFb. Several things were 
apparenr from'these experiments. Some NpF‘ 2nd PuP6 was always reduced 
through reaction with container walls even though a protective nickel 
fluoride film had. been predeposited on theVmetaJ. surfaces. This par- 
tial reduction produced a two-phase system composed of soluble f!pFr or 
PriF. and insoluble NpP, or PuPL which greatly complicated the problem 
of obtaining representative samples. The dilution method of producing 

,r ’ 

low concentration 
obtaining desired 
was made for some 
system. 

mixes appeared to be a satisfactory technique for 
neptunium and plutonium levels provided allmance 
reduction and subsequent retention in the transfer 
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As a result of these experiments, it was concluded that in order to 

obtain reproducible results, even from these carefully prepared mix- 
tures in clean stabilized systems, it would be necessary to filter 
the liquid samples being M.thdrawn to exclude particulate NpF, and/or 
PuF,. A technique was employed whereby samples were passed through 2 
micron-sized sintered metal filter prior to.entering the sampling tube. 
Finally, since the plant cylinders are steel, a few vaporizations were 
done using steel cylinders rather than nickel. The results of these 
tests are given in tables C-l and C-2. 

Considering first the neptunium data (table C-l), several points should 
be noted. Mixtures prepared in nickel cylinders resulted in a concen- 
tration of 50 - 702 of the expected value. But if steel cylinders were 
used, the highest percentage obtained was only 252 in mixture 12. In 
the more dilute solutions, the yield was as low as 1X of the expected 
valu'e. This is not unexpected since, as was noted in the development 
of the CoFl trap, both neptunium and plutonium hexafluoride are easily 
reduced. No specific analysis was made, but subsequent data convinc- 
ingl:y indicates that nonvolatile tetrafluorides are formed. The mechan- 
ism likewise was not investigated, but it is pressed that the metallic 
walls of the cylinders and system are involved in the reduction. It 
may also be possible that UPI which would be present, particularly in 
the rsteel cylinders, could be involved in reducing the transuranics. 

After preparing the mixtures and obtaining the liquid samples, the mate- 
rial remaining in the cylinder, representing approximately half of the 
original mixture, was vaporized into a second cylinder. In the eerly 

runs,, 7 and 8 for instance, the material was vaporized directly, but in 
lost lrter runs the gas s tre2m was filtered prior to condensation in . 

the second cylinder. The concentration in the second cylinder was then 
dete,rmined by hydrolyzing the entire cyZ.nder contents and washing the 

cyli:nder t;irh the nitric acid-eluminum nitr2te solution. In the runs 
whex the gzs sfrearn was not filtered, 7, 8, 9, i7, 2nd 18, the neptu- 
nium concen:rations were higher th2n detetined by ihe c2rigiiX.l liq-L? 

samp.les. ___ -4s means thtt there was a si~lficr?r 2mount of terry-over 
of IqpFb dust during the vzpor izatlon and indicates that regardless of 
othe:r considerations the diffusionplvlt feed must be filtered. In 
211 the cases where 2 filter was used, the neptunium concentration 
of the vaporized material was beiow that of the filtered liquid samples. 

The fact that the filtered vaporized material always had a lower nep- 
tunium concentration than the original filtered samples was not expected; 
they should be the same provided no decomposition occurs during vapori- 
zation. As will be shown, NpFL is insoluble in UF6; thus, the only 
neptunium being measured in the filtered liquid samples should be the 
soluble NpFa. One possible explanation for this discrepancy could be 
that additional NpF, reduction occurs in the transfer lines and gas 
filter during the transfer. This happens LO 2 limited degree, and some 
neptunium is found in the filter. However, based on the runs where a 
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Nl3’Tl~NIl.ltl SA~ll’LII1C TESTS 

Hlx No. 

Nomlnal Cohc., ppm 
/ 

ActusI Cont., pplnt 

Dy flltcrtd Ilquld oampla 

Dy unflltcrcd lf@d enmple 

Of vepoctssd mnterlnl 

Type Cylinder 

Flltcr in Vnpor lrnnslec the 

lhtcrlrl llrllence, v~ 

l-F., * 

Lhl I 

Added 

Removed I 

In sampler b condftlontn6 

In eystcm weshin 

In vaporlred UFI 

Total 

Hlselng* 

Recovery, X 

Filtered Snmples 

Unf lltored Snmplcs 

-Lo-!- 1 

300 300 3.0 

193 196 1.81, 

166 193 - 

196 - 1.94 

Nl III lli 

- - II0 

- - 855 

- - 253 

_ - 165 

- - 216 

- - 692 

- - 163 

- - 81 

28 r7 0.20 

52 19 - 

1 14 -_-_ -._.. _ 

1.7 Il.11 0.15 

0.61 0.12 0.091 

1.63 

UI 

Un 

0.06 

Ul 

Yen 

0.2) 

111 

Uo 

54 3 39 

1n5 25 I2 

ne 35 28 

I /I( 1 34 

367 67 14 

176 

67, 

0.27 

(2s) 

J 74 

0.11 

05) 

JR8 

O.D’tl 

9 
i&z) 

21 

0 

0.033 

0.01 

NI 

YES 

0 

10 

4 

9 

23 

(23) 

21.5 24 16 15.7 11.1 

0.27 

.- 

Fe 

II0 

0.11 

2.21 3.47 

1.19 

Fe 

YC¶ 

3.41 

Fe 

Yen 

1.96 2.16 0.16 0.016 0.04 

3.10 3.53 1.57 - 

0.21 0.10 O.P6 - O.Jri 

Fe Fe Fe Fc Fe 

Yen Ye* No No 

6439 4312 4136 3910 26n5 - 130 

2h8 

5160 

108 

6115 

366 

3084 

562 

3992 

320 

93 

0.75 

212 162 62 - 5 

1159 3636 2126 - 98 . 

39 29 173 - 16 

4610 3796 2959 - 119 

326 

95 

0.64 

226 PZ (354) - 11 

95 * 90 114 _ 91 . 

JO.5 2.76 

1.7 10.0 

19 13 12 11 

0.13 - 0.05. 

1.56 - 



Table C-2 

rI,uTOHLUtI sAtlI’I,llIc, TESTS 

1 l-2 2 3 3-2 4 4-2 - - 4-3 5 

IAomfnnl Cont., ppm 3.7 9.6 11.1 39 22 126 53 0.0038 115 

h+lal cont., hrsjppb 24/1.4 24/O. 7 24./3.4 24/l. 8” 24/O. 6* 22/3?, 900 15/834 

24/2.1*” 24/26 *L* 43/36,100 17165 
+-+H 23/5040 19/67 

i 
(I 

93/11.7 3613.9 
+*- 49/5.2 30/11 

54/0.4 4015.4 
4212.7 
6310.4 
65/O. 2 

In Vaporized UFI, ppb 9.1 2.8 

Naterial Balance, ~tg 

Added 

Removed: 

In samples t con- 
ditioning 

In system washing 

In vsporized UFI 

Tot81 

llissing 

Recovery, % 

4 4 7 6 3370 24784 34200 

0 , 4 < I. 2 

81.7 721 17986 - 

2.i Cl 9 

84.7 722 17997 

4 3 9 1. . 0 2 6 4 R 6787 

2 21 73 

5510 

18870 

20 . 

24400 

9800 
L 

71 

*Fluorotllene sample tuhrn. 

80 

**Cu semple tubes. 
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filter was not used and high neptunium concentrations were found in the 
vaporized L!‘, it is concluded that most of the-nepturiium found.in the +' 
filter was dust carry-over, i.e., UpF,. While some reduction probably 

occurs, this does not appear to be a likely explanation of the problem. 

Another possibiliry lies in the reletion between the insoluble XpF, par- 
ticle size and the pore size of the filter. A two-micron filter was 
chosen, more or less arbitrarily, for both the liquid sampie filtering 
and for gas stream filtering during vaporization. The particie size of 
the HpFL could be smaller than two microns. Considering the possible 
reduction mechanisms, cylinder walls, or UF,, it would be likely that 
any IipF, reduced by UF, would be in the form of very small particles 
considering the concentration of the reacting materials. Fiowever, there 
is at least some data, mixture 21, where almost no neptunium was found 
in the filtered UF&. Obviously, little or no HpF, passed through the 
filter in this case. 

The most convincing evidence that the filter is effectively filtering 
out the solids lies in the precision of the data obtained with a fil- 
ter compared to that obtained without the filter. Table C-3 suxmnar- 
izes the precision of all the sampling data. 

Table C-3 

1Zeptuzit.m Cox. , ppr,: <i i-10 ’ 10 

Filtered Samples* (21) 0.02$126 (8) 1.84' 15 (1) 1?3ri5 
(1E) 0.04-c125 (11) 2.16=12? (10) 1962 9 

(9) O.C?= LL (19) 2.212 20 

(1L) 0.12= 5,” (13) 3.CTr 22 
(23) 0.272 L1 (12) 3.9et2c.j 
(17) 0.36= 92 
(7) 0.872 3i 

Average: t 79 2 90 r 12 

Unfiltered Samples (21) 1.57zlOO (12) 3.102248 (1) 166'24 
(11) 3.53'282 (10) 1?3ZlO 

(1) 194232 

Average: ,100 2265 2 22 

*Parentheses indicate mixture number. 

One would expect that the scatter of the sample results would increase 
as the concentration decreases for reasons such as the increasing ease 
of contamination and the decreasing counting precision at lower count- 
ing rates. This is seen in the filtered samples where the average limit 
of error increases from 12X to 80-90% at the lower concentrations. If 



one were to omit mixture 12, which appears to be out of line, one then 
wor:ld see the expected progressive increase in Lt 2t decreasing. n ’ 

. 
concentraflon. 

- 

In the unfiltered s2mpies, in addition to the contamination and counting 
probiems mentioned above, one has to expect more variation because of a 
pro#bable unhomogeneous mixture. Tinis was reflected in the dara vhere 
the limit of error ras 100-300:: at the lower concentration ieveis. At 
the 200 ppm level the influence of the fil:er was much less, but Sri11 
the filtered samples were more precise. 

While considering precision, a few general observations might help to 
place the problem in perspective. In comparison to much laboratory 
data, the precisions obtained do not appear to be very satisfactory, 
2nd this in fact did result in many problems in interpreting the data. 
The foremost problem was contamination which was very difficult to 
control at these low levels. Consider for a moment that most of this 
work was done in a glove box which also contained relatively large 
quantities of the volatile pure neptunium and plutonium compounds, and 
one can perhaps realize the difficulties faced. Also, it was increas- 
ingly realized during the studies that every piece of equipment, be it 
manifold, valve, filter, or sample tube, was apt to either add to or 
subtract somewhat from the neptunium or plutonium inventory depending 
upon its previous eqosure history. For example, the blank run 15 
(table C-l) shows quite well where the excess neptunium came from that 
was found in runs 9 and 14. While the majority came from the sample 
tubes, some was 21~0 found in washings from various parts of the system. 

The most convincing evidence that the sampling data obt2ined were reli- 
abie 2nd 'bits free, in spite of the problems faced, lies Ln the nareri21 
bel;ances obt2ined for most of the mixtures. Kiixes 1 2nd 10 were :he . 
‘Des2 mi>:iures which were diluted to make up the remaininf mixtures. 
l!!i::Eures 71 2nd 23 were used for speci21 ESiS and no balances were 

obtininec. l?nera balances tre given ii is brLieved :h;r tile recovery 

Should be conSidered highl\- s2:lSiactorr considerin? the ClrCUZ!Siz?CeS. 

Returning to the origin21 goal of E’nis P2rt of :he 'Siudies, that of 

the cievelopmenr or' E sampling prog.- --m th2t would obtain samples which 
would represent the rateritl being fed to the diffusion plar,t, it is 
believed that insofar as neptunium is concerned this go21 has been sub- 
stantizlly achieved. Assuming that the feed stream will be filtered, 
which these studies indicate should be done, then the filtered liquid 
samples will give the best representation found of the amount of nep- 

turcium that will be fed to the diffusion plant. One can say with 
confidence that when perticulates 2re controlled the value obtained 
wil:L not be exceeded. There is some indication that the samples vi11 
indicate more neptunium being fed than t;ill be the actual case, but 
it :is at best tenuous to compare the labor2tory vaporizztion system 

to the conSiderably different plant equipment. 

Considering the very similar chemistry, the method developed for obfain- 
ing the neptunium s2qles wouid be expected to be satisfactory for plc- 
con:ium. Nevertheless, a few plutonium mixtures were made up to obtain 
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experience in the properties 
procedure. The results have 
some significant differences 
neptunium mixtures. 

of the mixtures and to confirni the sampling 
been shown in table C-?,'and <here vere * 
between the properties of plutonium and 

The most pronounced difference was in the stability of the mixtures. 
Whereas the high level neptunium mixtures, 1 and 10, were kept for months 
with little change, the plutonium in the mixtures was reduced very 
rapidly. For example, the first four mixtures prepared vere supposed 
to contain from 4 to 40 ppm plutonium, but after 24 hours homogenize- 
tion time the highest concentration found was only 3.4 ppb. These and 
all other plutonium mixtures vere made up in well conditioned nickel 
cylinders, but no success was achieved in preparing plutonium mixtures 
until those containing more than 100 ppm plutonium were attempted in 
mixtures 4 and 5. Even in these cases the reduction was essentially 
complete after a few days. 

Ml samples vere taken through filters, and considering the lov level 
results it is clear that the filters were effective in filtering out 
the reduced plutonium. The accuracy and precision of the samples vas 
a 'bit more difficult to establish than was the case with neptunium 
because of the extreme reactivity and because contamination was even 
a more difficult problem at the parts-per-billion level. Material bal- 
ances were attempted with some success, but since almost none of the 
plutonium was soluble these yielded little positive information as to 
the accuracy of the samples. Mixture 4 which was diluted. twice (mix- 
tures 4-2 and 4-3) provides the only information on accuracy in that 
the initial samples did approximate the calculated concentrations. 
In mixture 4 the 22-hour sample was 3 9.9 ppm versus 126 ceiculated 
tihile for 4-3 the measured value was 5.2 ppb versus 3.g. 

Data on sammling precision are given in tabie C-4. in tine 5 - 40 ppm 
range the limit- of error (95X confidencej of a sintle determination _ 
is about 172 v?Lle at the 1-25 npb level the nrcclsion is about 115::. 
These values are similar to those found with nentunfum at coqarable 
count ievels. 

Considering the data, the properties of the two compounds in question, 
and the goals of the program, it is concluded that the method of taking 
liquid samples through a 2-micron filter is a satisfactory method for 
estimating the amount of .neptunium and plutonium that would be fed to 
the diffusion plant, assuming that the material will be filtered prior 
to introduction to the plant. Any error vi11 be on the conservative 
side in that the amount of impurities that would be estimated from 
these samples will probably be in excess of that actually fed. 

A simpke vaporization through a filter apparently results in s'ome re- 
duction of the neptunium concentration but not sufficient to be useful. 
The reason for the reduction is not clear, and the reaction does not 
appear to be sufficiently controllable to be useful as a technique 
for obtaining decontamination with large cylinders and plant systems. 
The data, table C-S, are quite scattered, but since it is believed 
that no practical use could be made of this phenomenon, no attempt 
was made to improve the Zar2. 
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Table C-4 
. 

PLUTONIUr: SAHF'LING PRECISION - - - .-. 

Plutonium Cont., 
pplT! ppb 

5.0 
36.1 
39.9 

LE, # 
.a 

A 

18 
16 
18 

AV.. 17 

0 .22 73 
0.26 123 
0.36 142 
0.59 48 
0.69 88 
1.4 66 
1.8 129 
2.1 121 
3.4 175 
3.8 116 
5.2 189 
11.7 80 
25.6 262 

Av. 124 

Iable C-5 

IXOlXIU~I DXO:;TAXIfXTTOI~ FACTODS 
kyxoss VAPOxzxTION STEP 

Neptunim Cont., ppm 

Mixture Pre-Vaporization* Post-Vaoorization* DF 

14 0.12 0.06 2.0 
19 2.21 1.19 1.9 
I.3 3.47 3.41 1.0 
3.2 3.96 0.27 15 
11 2.16 0.30 7 

*.Xixtures were vaporized through a sintered metal filter. 

The filters through which the samples were taken were obtained from 
Mott Hetallurgical Company and were designated as 2-micron size fil- 
tration grade. Figure C-l. 

,. 

-- 
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Aqendix D 
- 

SOLCBILITY OF NpFL Ah'D PuF, IN W, 

One objective of the sampling studies was the development of a method 
for predicting the volatile Np(P1) and Pu(PI) contained in a cylinder. 
Studies had confirmed that the method of filtering samples was satis- 
fa,ctory for precluding the particulate Np(IV) and Pu(IY) from samples. 
Also these studies had indicated that the solubilities of the tetra- 
valent fluorides was low, but the extent of their solubility in liquid 
UF‘ had not been determined. Studies were conducted-to investigate 
this area. 

Two mixtures were prepared, the first containing 200 ug of NpFL per 
gram of UFI (200 ppm) and the second with 7.3 ug of PuF,, per gram of 
UFI (7.3 ppm). The mixtures in nickel cylinders were heated to liquify 
the UT‘, agitated, and allowed to stand a minimum of 24 hours. Fil- 
tered liquid samples were taken, using the established techniques, and 
then analyzed for neptunium and plutonium. The results of the individual 
analyses are given in table D-l. Over the temperature range investigated, 
80-lZO"C, no temperature effect was seen. The solubility on a metal I 
basis, i.e., Up/U or Pu/U, was less than 18 ppb for NpFb and 4 ppb for 
PUFk. At these extremely low levels, the experimental techniques, par- 
ticularly from contamination, preclude obtaining precise data, but the 
results obtained are considered quite consistent. Any bias would be 
expected to be positive. The field test of the sampling procedure de- 
scribed net provides additional data which indicates the PuF, solu- 
bilicy is considerabiy less than 4 ppb. 

Av. 13 20 14 4.0 4.9 3.2 

105°C 

30 
30 
40 
(10 
10 
10 
20 
20 
20 
<lo 

120°C 80°C 

30 6.9 
20 3.7 
20 2.4 
<lo 3.0 
cl0 
cl0 
cl0 
<lo 
cl0 
cl0 

95°C 

1.9 
7.6 
5.7 
4.4 

110°C 

3.8 
2.7 

3.5 

*Np/U Pu/U basis. 
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I The data from the solubility studies provide6 additional evidence that 
the sampling procedure developed is adequate for sampling aTwo-phase * " 

System. The upper limit for the solubility of I-IpF‘ arid PuFc will not 
significantly bias the sampling of minutely contaminated materisl, 
and the results can be considered as representative of only the vol- 
atile lipFI and PUT G contained in the UFI. 
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FIELD TEST OF THE SAqLWG PROCLD'UP.. 

A special test, designed to evaluate under field conditions the trans- 
uranic sampling procedure, was conducted using a 2.5-ton cylinder 
.INo. D-45525) of UFc containing neptunium and plutonium from reproces- 
sed foreignreactor fuels. A sampling buggy was converted to a trans- 
uranic sampling station and was constructed to be similar to the 
anticipated permanent installation. A schematic drawing of the system 
is shown in figure E-l. 

The 2.5.ton cylinder was heated in an autoclave at approximately 100°C 
for approximately 14 hours. The sampling system was then conditioned 
by withdrawing seven samples through the piper and lines into the 
dump conrainer. A series of 13 filtered samples was taken from the 
cylinder followed by 10 unfiltered samples. The cylinder was then 
heated for an additional 24 hours at 93 2 Z°C and another series of 
10 unfiltered samples was taken followed by 10 filtered samples. 
The samples were taken in copper tubes, and each tube and its con- 
te:nts were put in solution with 6 g HNOI - 0.12 M(NO,),. 

It was anticipated that each sample would be approximately 10 grams; 
holwever, early samples were more in the neighborhood of 1 to 3 grams. 
The system was obviously not completely conditioned as may be seen by 
the data in table E-l. After the first 10 samples had been taken, 
the pipet temperature was lowered slightly to ensure that the contents 
would be liquid and the sample size increased accordingly. This ex- 
perience points out the necessity for withdrawing enough materfal . 

through the sampling system to thoroughly condition the. surfaces or 
ior; results will be obtained. Tne complete set of sampie data is 
summarized in table E-1. 

Nentunium Cont., opb Plutonium Cont., pnb 

Samole Set filtered Unfiltered Filtered Unfiltered 

1 10* 61'25 0.084* 35.6117.4 

2 17 lOlZ57 0.6120.29 31.7216.5 

*System not stabilized 
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T:he plutonium data in the table vere converted from the counting results 
on the basis that 40X of the alpha activity was due tu orrpu and 60': to 9 
2.’ *pu* On a weight basis this means that approximately ?9;g% of the 
plutonium was the 239 isotope. 

While these data may not be exactly typical in that this was a small 
cylinder (2.5 ton) which had been liquified and sampled at least once 
previously, the data are quite useful and generally support the orig- 
inal laboratory conclusions. First, there is a large difference between 
the filtered and unfiltered data. At least E3:! of the neptunium was . 
reduced, assuming the true value is near the less than 17 ppb value 
reported for the second set of dara. k different interpretation of 
the 17 ppb neptunium value is that there is no NpF+ present and the 
measured value represents the solubility of NpF,. Using this route, 
ome could also perhaps include the less than 10 ppb value determined 
fsom the first set of samples. Either explanation is reasonable 
and is not inconsistent with previous data which indicated a sol- 
ubility of less than 18 ppb'(appendix D). 

Considering the plutonium data in the same manner, one would conclude 
that at least 982 of the PuPr was reduced, or that the solubility of 
PUP‘ was 0.61 ppb, or less than 0.08 ppb as determined from the set 1 
samples. These values compare with the PUP, solubility value derer- 
mined in the laboratory of 4 ppb. The fact that essentially all of 
the ?uFs was reduced agrees with all the laboratory data, but there is 
no way to distinguish beween 98% reduction which is what the second 
set of samples indicate or 100X which would be the case if the solu- 
bility of PUP& is 0.61 ppb. Having experienced the contamination 
problems that were encountered in this program from the beginning, 
one is most prone to accept the lowest of any possible values as the 
most likely to be correct. Lsing this reasoning leads one to accept. 
a ~v.due of iess than 0.08 ppb for the solubility of OuF“ in Pfs. 

Tna solubillty value of 0.08 ppb for PUP, In VFs is appro::Lnatel:- 
equivalent to I.1 o dpm/gZ due io "%. Ynile at these iow levels 
It is some:Lmes t-zz'-~~lt fo 3e a~licit z3onr darz izter?re:azLcz, *___ 
it can be fairly concluded tha: the saq" -_ng procedure was successful 
and that it has been amply demonstrated the filtered samples provide 
the best representation of the composition of the LiF6 being vaporized 
from a cylinder. At the same time this work shows the necessity for 
atnention to detail and care that is necessary for obtaining good, 
representative samples. 


